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 要  旨 
ヘリコプター衛星通信は，ヘリコプターの自由度の高い飛行を活かしながら，信頼度の高く，
安定した通信を可能とする通信方式として，救助活動や報道など様々な分野で用いられている．
静止衛星間を介してヘリコプターと地上基地局間の通信を行う本方式では，いかなる場所からで
も迅速に情報収集が可能となるが，ブレードの回転によりアンテナが遮られ送受信信号が周期的
に遮断されるという問題点もある．この周期的遮断の問題に対して，畳込み符号と時間ダイバー
シチを用いて遮断の影響を低減する方式が提案された． 
また，2015年 10月には先行研究として，受信機に遮断推定を導入することで BER特性を大幅に
改善した新たな方式が発表された．従来方式における受信機では受信信号のダイバーシチ合成法
に等利得合成が用いられていたが，一般には等利得合成より最大比合成の方が BER特性は良好と
される．しかし，この最大比合成には通信路環境に伴う重みづけが必要であり，ヘリコプター衛
星通信のような低 CNR（Carrier-to-Noise power Ratio：搬送波対雑音電力比）環境では受信信
号を観測するだけでは通信路における遮断の推定が極めて困難であった．この問題に対し先行研
究では，受信機にて擬似 BERを計算することで遮断情報の推定を行い，最大比合成を実現した．
これにより，BER特性は従来方式から著しく改善された． 
この従来方式および先行研究では，符号化率 1/2の畳込み符号が用いられるが，AWGN通信路で
は一般的に低符号化率符号の方が BER特性が良好となることが知られている．したがって本研究
ではまず，遮断環境下でも低符号化率符号が良好な BER特性を示すかを確認した．その結果，低
符号化率の畳込み符号および時間ダイバーシチを適用した方式においては，従来方式と比べ，高
Eb/N0環境下にて遮断率 8.6%では約 0.4dB，遮断率 32.1%では約 0.2dBの特性改善が確認された． 
更に本研究では，前述の先行研究についても低符号化率の畳込み符号を適用し，更なる BER特
性の改善を図った．また先行研究においては，遮断推定に必要なパラメータである閾値に関する
検討がされていなかったが，この閾値が BER特性に影響を与えると考えられるため，閾値に関し
て BER特性を最小にするという意味で最適な値を検討した．計算機シミュレーションの結果から，
先行研究と比べて高 Eb/N0環境では遮断率 8.6%および 32.1%の両条件において約 0.6dBの BER特
性改善を達成した．また，ヘリコプター衛星通信における理想的な BER特性に更に近づくことも
確認できた． 
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??????????????? [1][2]?? 1.1???????????????????
??????????????????????????????????????
?????????????????????????????BER?Bit Error Rate?
???????????????????????????????????????
1=2??????????????????????????????????????
?? [1]?
???? [3]??????????????????????????????????
BER?????????????????????????????????????
???????????????????????????????????????
BER?????????????????????????????????????
???????????????????CNR?Carrier-to-Noise power Ratio????
???????????????????????????????????????
????????????????? [3]?????????? BER????????
??????????????????????????????BER????? [1]?
??????????
??????????????? 1=2???????????????????AWGN
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2.1 ??
????????????????????????????????????? 2?
?????????????????????????????????? 3????
???????????????
2.2 ?????????????
???????? 2.1?????????????????????????????
????? Td????????????????????????????? Tp???
?????????????????????????????????????? [1]?
????????M?????????????????? !???????????
? Tp????????
Tp =
1
!M
(2.1)
??????????? 2.2??????????????????????????
?????????????????D???????????????D?????
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2.3 ????????
?????????????? 2.3???????? s(t)?????????????
??? h(t)?????????????????N0??????????? (additive
white Gaussian noise : AWGN)n(t)????????? r(t)?????????
r(t) = h(t)s(t) + n(t) (2.7)
??????????? h(t)??????????
h(t) =
1X
k= 1
u(t  kTp) (2.8)
u(t) =
(
1 (Td  t < Tp)
0 (otherwise)
(2.9)
????????????????????? 0????????????????
?????????????????
 

? 2.3: ????????
2.4 ??
??????????????????????????????????????
????????????????????????????????????????
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? 3 ?
??????????????????
????
3.1 ??
???????? 1=2????????????????????????????
?????????????? 2????????????????????????
???????? 3?????? [1]???????????????????????
?????????????????? 4?????????????????BER?
???????????? 5?????? [3]???????????????????
???????????
3.2 ???????????????
??????????????????????????????????????
???????CNR??????????????????????????????
????????? [4]?????????????????????????????
????????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
?????????????
? 3.1????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
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? 3.1: ???????????????
3.3 ????1
????????? 1/2????????????????????????????
????????? [1]?????????????????????? 3.2?????
?????????????????? fbig????? 1/2????????????
???? fpig??? fqig????fpig? fqig????????? T ????????
???????? 2??????????? 2T ???????????? 2?????
???????????????????????????????????????
???????????????????????????BER??????????
?????? 2T ???????? Tp???? 2T = Tp=2????? T = Tp=4????
???????????????????????????????? fp(1)ig? fp(2)ig?
fq(1)ig? fq(2)ig???????????? fbig????? 2??????? fpig? fqig
???????????????????????????
?????????? Tp?? (2.1)??????????????????????
??????BER?????????????????????? T?2T ??????
????????????????????????????????????? !?
???????????????????????????????????????
???????????????????????????????????????
??????????????? (?????????????????????)?
????????? Tb?????? T ??? T = mTb(m????)????????
?????????????????????? fp(1)ig?fp(2)ig?fq(1)ig?fq(2)ig???
??? fpig?fqig?????????
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? 3.2: ???????????
p(1)i = pi
p(2)i = pi 2m
q(1)i = qi m
q(2)i = qi 3m
9>>>>=>>>>; (3.1)
?????????????????????? 4???????????????
fdig??????BPSK (binary phase shift keying)???????????????fdig
??????? Ts?????? Tb???? Tb = 4Ts????????????
d4i = p(1)i = pi
d4i+1 = p(2)i = pi 2m
d4i+2 = q(1)i = qi m
d4i+3 = q(2)i = qi 3m
9>>>>=>>>>; (3.2)
???????fdig?BPSK?????????s(t)????k = 4i+ n (n = 0; 1; 2; 3)?
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?????? t = kTs???? s(t)??
s(kTs) =
p
Esepx( jdk) (3.3)
????????Es? 1??????????????????????? fbig? 1
????????????Eb????Es = Eb=4?????????????????
???????????????? (2.8)?(2.9)?????????
s(4iTs) =
p
Esepx( jpi)
s((4i+ 1)Ts) =
p
Esepx( jpi 2m)
s((4i+ 2)Ts) =
p
Esepx( jqi m)
s((4i+ 3)Ts) =
p
Esepx( jqi 3m)
9>>>>=>>>>; (3.4)
????????????????????????????AWGN???????
? (2.7)????????? r(t)?????????????????????? fd^ig?
?????????????????????????? fp(1)ig?fp(2)ig?fq(1)ig?fq(2)ig
???????????????????? fp^(1)ig?fp^(2)ig?fq^(1)ig?fq^(2)ig?????
???????????????????????????????????????
???????????????????????????????????????
??? fp^ig?fq^ig????
p^i = p^(1)i 3m + p^(2)i m
q^i = q^(1)i 2m + q^(2)i
)
(3.5)
???????????? fp^ig?fq^ig?????????????????? fb^ig?
???
3.4 ??????????????BER???
???????????????????????????? (equal-gain combining
: EGC)????????? (maximal-ratio combining : MRC)????? 3.3????
???????????????????????????????????????
?????????????????????????????????????CNR
???? BER??????? [5]?? 3.3?????????? BER??? PEGC ??
?? ???????????
PEGC = 2
 
1
2
erfc
r
Eb
4N0
!
+ (1  2) 1
2
erfc
r
Eb
N0
(3.6)
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? 3.4????????????????????CNR?????????????
?????????????????????????????????????? 3.4
??????????BER??? PMRC ????????
PMRC = 2
 
1
2
erfc
r
Eb
2N0
!
+ (1  2) 1
2
erfc
r
Eb
N0
(3.7)
? (3.6)?(3.7)?????????????????BER??????? 3.5????
?????????????????BER????????????????????
????????????????????????????????????????
????????????????????????????CNR?????????
??????????????????????????????BER (Pseudo BER)
???????????????????????? [3]?????????
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? 3.5: ??????????????BER??
3.5 ????2
????????? 1/2????????????????????????????
?????????? [3]?????????????????????? 3.6????
????????????????????????? 3.2??????????? r(t)
????? 3.2?????????????????????????????????
fb^ig????????fb^ig?? 3.2????????? BPSK???????????
??????????????????? f~ig??????????????????
fb^ig???????????????????????? f~ig???????????
fdig?????????????????????????????????????
??????????????????????
???????????????????????????? fd^ig???????fd^ig
???????????????????????????????????? f^ig?
???
^i =
1
2
f1  sign(d^i)g (3.8)
????????????? f~ig???????????????????????
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????????? f^ig????????????????????????????
???????????????BERpp(i)????????????
pp(i) =
1
2L+ 1
LX
l= L

^i+l  ~i+l

(3.9)
?????mod 2??????????????? fb^ig????????????
????BER?????????? f^ig???BER???????????????
?????????????????BER?AWGN???????BPSK?????
?BER????????????????????????????????????
????????BER? 0.5??????????????????????????
??????????????????????? pth???????????????
? h^i?????
h^i =
(
1 (p(i)  pth)
0 (p(i) > pth)
(3.10)
??????????????? h^i?????? d^i???????????????
?????? ~di???????????????????????????~di?? 3.2?
?????????????????????????????????? f~big???
????
3.6 ??
???????????? 1=2????????????????????????
?????????????AWGN??????? BER?????????????
??????????????????BER????????
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? 3.6: ???????????????????
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? 4 ?
???????????????????
4.1 ??
????????? 1=2????????????????????????????
???????????AWGN???????????????????????BER
???????????????????????????????????????
?????????
????????????????????BER??????????? 2????
??????????????????? 3?????????????????? 1?
???????????????????????????? 4???????? 1??
???????????????????????????????????
4.2 ??????????????
??????????????????????????????????????
???????????????????????????????????????
?????????????????????????? [6]?
???????????????????K?????R????????????
???????????????????????????????????????
??????????????????????????????? 4.1???????
???????K = 7?????R = 1=2?????????????????K   1
??????????????????? 1????????????????? 2??
???????????????????? p?q?????????????????
p(D) = 1D2 D3 D5 D6
q(D) = 1D1 D2 D3 D6
)
(4.1)
????? 4.1??????????????????? (3.1)????????mod2
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    



 
? 4.1: ???K = 7?????R = 1=2????????
??????????????????????? 1?0? 2??? (1111001, 1011011)
???? 8????? (171; 133)8????????
????????????K = 7????????????????R = 1=4????
?????????????? 1????????????????? 4???????
??????????? 4???????????? [7]????? (171; 155; 127; 113)8
??? (173; 167; 135; 111)8? 2???????????(171; 155; 127; 113)8??????
????? code A??(173; 167; 135; 111)8??????????? code B?????code
A???????????????? cA0?cA1?cA2?cA3?????????????
???????
cA0(D) = 1D1 D2 D3 D6
cA1(D) = 1D1 D3 D4 D6
cA2(D) = 1D2 D4 D5 D6
cA3(D) = 1D3 D5 D6
9>>>>=>>>>; (4.2)
???code B???????????????? cB0?cB1?cB2?cB3???????
?????????????
cB0(D) = 1D1 D2 D3 D5 D6
cB1(D) = 1D1 D2 D4 D5 D6
cB2(D) = 1D2 D3 D4 D6
cB3(D) = 1D3 D6
9>>>>=>>>>; (4.3)
? 4.2????? 1=2??? 1=4?????????????AWGN???????
BER?????????????????????????????????????
code A?B??? BER = 10 5?????? 0.5dB????????????????
???????????????????????????????????????
?????BER?????????
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? 4.2: AWGN??????????????BER??
4.3 ?????1
4.3.1 ??????
???? 1/4?????????????1??????????????????
? 4????????? 2???????????????????????????
BPSK????????????????????????????????????
??????????????????????????
???? 1???????????????????????????????? 4.3
??????????? fbig????? 1/4???????????????? fc(0)ig?
fc(1)ig?fc(2)ig?fc(3)ig????????????? 0?T2?T?3T ?????????
??? 4??????????????? fdig??????fdig?????????
d4i = c(0)i
d4i+1 = c(1)i 2m
d4i+2 = c(2)i m
d4i+3 = c(3)i 3m
9>>>>=>>>>; (4.4)
??????? fdig?BPSK?????????????????????????
?????????
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s(4iTs) =
p
Esepx( jc(0)i)
s((4i+ 1)Ts) =
p
Esepx( jc(1)i 2m)
s((4i+ 2)Ts) =
p
Esepx( jc(2)i m)
s((4i+ 3)Ts) =
p
Esepx( jc(3)i 3m)
9>>>>=>>>>; (4.5)
??????????????????????????????????AWGN?
???????????????? r(t)?????????????????????
????????????????????????? fc^(0)ig?fc^(1)ig?fc^(2)ig?fc^(3)ig
?????????????????? fb^ig????
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? 4.3: ????????????????????
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4.3.2 ????????????????
???????????? 4.1????? 4.1??????????????????
????BER?????? 4.4?4.5????
?????????Eb=N0 = 0?5[dB]????????????????? BER?
??????Eb=N0 = 6[dB]???????? 1????????????? 4.2???
???????????????????????BER??????????????
???????????????????????????????????????
??? 1???????????????????????????????????
???????????????????????????????????? 1??
??? 2???????????QPSK(quadrature phase shift keying)???????
??????? 1???????????????????????????????
?????????????????????
? 4.1: ??????????
???? Rb = 3600bps
???? BPSK
???? ????
????? ???????????
???? 1=4
code A : (171; 155; 127; 113)8
code B : (173; 167; 135; 111)8
??? 7
??????? Tp = 38:8ms
???  = 0:086; 0:321
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? 4.5: ???????BER???? ( = 0:321)
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4.4 ?????2
4.4.1 ??????
????? 1?????????QPSK???? 1????? 2?????????
???????????????????????????????????????
????????????????????????????????
???? 1?????????????????????????????????
???????? 4.6??????????? fbig????? 1/4??????????
????? fc(0)ig?fc(1)ig?fc(2)ig?fc(3)ig????????2???????????
??????????C1i = (c(0)i; c(1)i)??? C2i = (c(2)i; c(3)i)??????????
???????????????? 0?T2?T?3T ????????????????
?????? fC1(1)ig?fC1(2)ig?fC2(1)ig?fC2(2)ig????????? 4???????
????????? fdig????????????
d4i = C1(1)i = (c(0)i; c(1)i)
d4i+1 = C1(2)i = (c(0)i 2m; c(1)i 2m)
d4i+2 = C2(1)i = (c(2)i m; c(3)i m)
d4i+3 = C2(2)i = (c(2)i 3m; c(3)i 3m)
9>>>>=>>>>; (4.6)
???????? fdig??QPSK???????????? 4??????????
??????
s(4iTs) =
q
Es
2
(c(0)i + jc(1)i)
s((4i+ 1)Ts) =
q
Es
2
(c(0)i 2m + jc(1)i 2m)
s((4i+ 2)Ts) =
q
Es
2
(c(2)i m + jc(3)i m)
s((4i+ 3)Ts) =
q
Es
2
(c(2)i 3m + jc(3)i 3m)
9>>>>>>=>>>>>>;
(4.7)
????????????????????????????????????????
????????????????????????????AWGN????????
(2.7)????????? r(t)??????????????????????? fd^ig?
??????????????????????????? fC1(1)ig?fC1(2)ig?fC2(1)ig?
fC2(2)ig????????????????????fC^1(1)ig?fC^1(2)ig?fC^2(1)ig?fC^2(2)ig
???????????????????????????????????????
????????????????????????????????????????
????????? fC^1ig?fC^2ig????
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C^1i = C^1(1)i 3m + C^1(2)i m
C^2i = C^2(1)i 2m + C^2(2)i
)
(4.8)
??????????????? C^1i = (c^(0)i; c^(1)i)??? C^1i = (c^(2)i; c^(3)i)?????
?????????????????????????????? fb^ig????
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? 4.6: ?????????????????????????????
4.4.2 ????????????????
?????????? 4.1????????????????????QPSK????
BER?????? 4.7?4.8????
????????????????????? 1???BER???????????
????????? 8:6%?32:1%??? BER = 10 6?????code A??? 0.3dB?
code B??? 0.2dB??????????????????????????????
23
???????????????????????????????????????
?????????????
4.5 ??
???????????????????????????????????QPSK?
?????????????????????????????????? 2????
??????????????????????BER???????????????
?????????????????? 2????????????????????
?????????????????
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? 5 ?
?????????????
5.1 ??
???????????????????????????????? 1=4????
?????????????? 1=2????? BER????????????????
???????????????????????????????????????
??BER????????????????? [4]?
??????????????????? 2??????????????????
BER????????????? BER?????????????????????
?BER????????????????????????????????????
BER?????????????????????????????????????
?????????????????BER??????????????????? [3]
?????????????????????????????????BER????
?????????????????????? 2??????? 2????????
???????????????????? 3??????????????????
????????
5.2 ????
? 5.1????? 2???????? 1=4????????????????????
?????????????????? 4? 4.4???????? 2(? 4.6)?????
???????????????????????? r(t)????????
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r(4iTs) =
q
Es
2
(c(0)i + jc(1)i)h(4iTs) + n(4iTs)
r((4i+ 1)Ts) =
q
Es
2
(c(0)i 2m + jc(1)i 2m)h((4i+ 1)Ts) + n((4i+ 1)Ts)
r((4i+ 2)Ts) =
q
Es
2
(c(2)i m + jc(3)i m)h((4i+ 2)Ts) + n((4i+ 2)Ts)
r((4i+ 3)Ts) =
q
Es
2
(c(2)i 3m + jc(3)i 3m)h((4i+ 3)Ts) + n((4i+ 3)Ts)
9>>>>>>=>>>>>>;
(5.1)
?????? 4.6???????????????????????????????
?? fb^ig????????fb^ig?? 4.6?????????QPSK?????????
????????????????????? f~ig????????????????
???????????????????~i = (~(R)i; ~(I)i)???????
??????????? fb^ig??????????????????fb^ig?????
?????????? fbig????????????????????????? f~ig
???????????????? fdig?????????????????????
??????????????????????????????????????
???????????????????????? fd^ig????????????
?????????????????????????? f^ig???????????
??????? ^i = (^(R)i; ^(I)i)???????
^(R)i =
1
2
f1  sign(Re[d^i])g
^(I)i =
1
2
f1  sign(Im[d^i])g
)
(5.2)
?????????????? f~ig??????????????????????
????????? f^ig????????????????????????????
????????????BER????????? i???????????BER??
?? (i  L)?? (i+ L)???? (2L+ 1)????????????????????
???????????????????????????????????
pPBER(i) =
1
2(2L+ 1)
LX
l= L

(^(R)i+l  ~(R)i+l) + (^(I)i+l  ~(I)i+l)

(5.3)
???????????????????????????????QPSK????
???????? SER?????????????????????????????
???????????????????????????????????????
_i? 0????????????????????? _i? 1????????? SER?
?????
pPSER(i) =
1
2L+ 1
LX
l= L

_i+l

(5.4)
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_i =
(
0 (^(R)i  ~(R)i = ^(I)i  ~(I)i = 0)
1 (otherwise)
(5.5)
??????????????????????????????????????
BER????? SER?AWGN?????BER????? SER??????????
???????????????????????????????????????
BER? 0.5?SER? 0.75?????????????????????????????
? pth?????????? (3.10)????????????????????????
?????????????????? h^i????????????????????
?????????????? 4.6????????????????????????
????????????? f~big???????
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? 5.1: ???????????????????
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5.3 ????????????????
????????? 4.1????????????????????QPSK????
????????????????????????? BER????? SER????
???????? 8:6%?32:1%??? L = 23????? 47????????????
??????????????????????5.3.1??????? BER?????
?? SER????????????
5.3.1 ??BER???????SER??
????????????????? BER?????? 5.2?5.5???? SER??
???? 5.6?5.9????
??BER??????????Eb=N0???????????? 0.5???????
??????????AWGN?????QPSK??????????? Pb?????
???
Pb =
1
2
erfc
r
Eb
8N0
(5.6)
????Eb? 1????????? bi?????????????????????
? 1??????? 4?????????????1????????????????
Eb=4?????????????QPSK?????????????? 2??????
???????????????????????????????????????
???Eb=8????
????????????????????????BER????????????
0.5??????????BER????????
????? SER??????????Eb=N0???????? SER???? 0.75?
???????????????? AWGN?????QPSK???????????
? Ps????????
Ps = erfc
r
Eb
8N0
  1
4
erfc2
r
Eb
8N0
(5.7)
????Eb? 1????????? bi?????????????????????
? 1??????? 4??????????????????? 4??????????
?????1??????????????Eb=4????
???????????????????????? SER????????????
0.75??????????BER????????
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5.3.2 ???BER?????
??????? BER????? SER?????????????????????
????????5.3.1?????????????????????BER??????
?????????BER??????????????????????????BER
???????????????????????????????????????
???????????????????????????????????????
???????????????? BER???? Eb=N0??? 5.1??BER????
5.10????
????????????????????????????BER????????
???????????BER???????????????? 5.2?5.5??????
? BER???? 5.11?5.14????????? SER???????????????
??? 5.6?5.9???????BER???? 5.15?5.18????
?????????Eb=N0?????????????????????BER???
???????????????????Eb=N0??????????????????
?Eb=N0???????????BER??????????????????????
????????????????????????????????????????
????????????????????????????? 1?????????
?????????????? 2?????? 2???????Eb=N0???????
???????????????????????????????????????
?????????????????????????????? 2????????
??????????Eb/N0??????????????????????????
???????????????????????????????????????
??????????? 1??????????????
??????????? BER???????? 1???????? 5.19??? 2?
??????? 5.20????????? SER???????? 1???????? 5.21
??? 2???????? 5.22??????????????? BER????? SER
?????????? 1???????????????????????????? 2
????????????????????????????????????????
?Eb=N0??? 2???????????????????Eb=N0??? 1?????
???????????????BER???????????????
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5.3.3 ?????BER?????
????????????? 1/4?????????? 4? 4.2??????? code
A??? code B? 2?????????????????????? BER?????
?????
??? 5.1????????????????????BER???????????
???????????????????????? 8:6%???? code A?????
?????????? 32:1%?????????????? code B?????????
????? code A??????????????????
???? 5.2?5.9???????????????BER?????????? 5.2?
5.4?? 5.3? 5.5?????????BER????????????????????
???????????????????????????????????????
????????????????????????? code A????? 1/4????
??????????????BER????????????
5.3.4 ??BER?????SER???BER?????
??????????????????BER????? SER? 2?????????
?????????????????????BER??????????
?????? 8:6%??????? code A??????? 5.2??? 5.6??????
????????????? BER??????????????????BER = 10 6
??????? BER??????????? SER????????????????
??????????????? 32:1%???? code B??????? 5.5??? 5.9?
????????BER??????????????????BER = 10 1?????
?? SER????????????????????????????
??????????????????????????????????????
??????????? BER????? SER????? 1???????? 5.19??
5.21?????????? SER??????????????????????????
???????Eb=N0???????BER???? 1?????????????BER
??????????????????? 2???????? 5.20?? 5.22?????
????? BER????????????????????????????????
? Eb=N0??????? SER???? 2?????????????BER?????
??????????
??????BER????? SER???BER????????????Eb=N0??
?????BER????????BER?????????????????????
?????????????BER???????????????
35
? 5.1: ?????????????BER????Eb=N0?
BER Eb=N0[dB]
code A code B
 = 0:086  = 0:321  = 0:086  = 0:321
10 1 0.1 1.4 0.2 1.2
10 2 1.6 3.0 1.7 2.9
10 3 2.8 4.0 2.8 4.0
10 4 3.8 5.0 3.8 5.0
10 5 4.7 5.9 4.7 6.0
10 6 5.3 6.8 5.5 6.9
10
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? 5.10: ???????????BER??
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? 5.2: Pseudo BER?????BER?????????????? ( = 0:086, code A)
BER Eb=N0[dB]
pth = 0:4 0.375 0.35 0.325 0.3 0.275 0.25
10 1 0.3 0.3 0.8 1.0 1.5 2.3 2.9
10 2 0.3 0.3 0.4 0.8 1.2 2.0 2.4
10 3 0.2 0.2 0.2 0.5 0.9 1.2 2.0
10 4 0.3 0.2 0.1 0.2 0.3 1.1 1.4
10 5 0.3 0.3 0.2 0.2 0.2 0.6 1.2
10 6 0.7 0.6 0.5 0.4 0.1 0.6 0.7
? 5.3: Pseudo BER?????BER?????????????? ( = 0:321, code A)
BER Eb=N0[dB]
pth = 0:4 0.375 0.35 0.325 0.3 0.275 0.25
10 1 1.2 1.0 1.1 1.4 1.6 2.2 2.5
10 2 0.9 0.7 0.8 0.9 1.0 1.7 2.0
10 3 0.9 0.8 0.8 0.8 0.9 1.5 1.9
10 4 1.0 0.9 0.7 0.7 0.8 1.0 1.7
10 5 1.1 1.0 0.7 0.5 0.6 1.0 1.1
10 6 1.2 1.1 0.7 0.2 0.2 0.3 0.7
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? 5.4: Pseudo BER?????BER?????????????? ( = 0:086, code B)
BER Eb=N0[dB]
pth = 0:4 0.375 0.35 0.325 0.3 0.275 0.25
10 1 0.2 0.3 0.6 0.9 1.5 2.4 2.7
10 2 0.2 0.2 0.3 0.7 1.1 2.0 2.2
10 3 0.2 0.2 0.2 0.4 0.8 1.2 2.1
10 4 0.3 0.2 0.2 0.2 0.4 1.1 1.5
10 5 0.6 0.3 0.2 0.2 0.3 0.8 1.2
10 6 0.5 0.5 0.3 0.1 0.1 0.5 0.5
? 5.5: Pseudo BER?????BER?????????????? ( = 0:321, code B)
BER Eb=N0[dB]
pth = 0:4 0.375 0.35 0.325 0.3 0.275 0.25
10 1 1.2 1.3 1.4 1.6 2.0 2.6 2.9
10 2 0.9 0.9 0.9 1.0 1.1 1.9 2.1
10 3 0.9 0.8 0.8 0.9 0.9 1.7 1.9
10 4 1.0 0.9 0.7 0.7 0.8 1.0 1.7
10 5 1.3 0.9 0.7 0.5 0.5 0.9 1.0
10 6 1.1 1.0 0.6 0.3 0.2 0.2 0.6
? 5.6: Pseudo SER?????BER?????????????? ( = 0:086, code A)
BER Eb=N0[dB]
pth = 0:7 0.675 0.65 0.625 0.6 0.575 0.55 0.525 0.5 0.475 0.45
10 1 0.3 0.2 0.4 0.5 0.5 0.7 1.4 1.6 1.8 2.2 2.7
10 2 0.4 0.3 0.3 0.3 0.4 0.4 1.0 1.2 1.4 1.8 2.3
10 3 0.6 0.5 0.4 0.3 0.2 0.2 0.6 0.9 1.1 1.2 1.8
10 4 0.7 0.7 0.6 0.2 0.2 0.2 0.2 0.5 0.9 1.1 1.2
10 5 0.9 0.8 0.6 0.4 0.3 0.2 0.2 0.3 0.3 0.6 1.1
10 6 1.2 0.9 0.8 0.7 0.6 0.6 0.5 0.5 0.6 0.6 0.7
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? 5.7: Pseudo SER?????BER?????????????? ( = 0:321, code A)
BER Eb=N0[dB]
pth = 0:7 0.675 0.65 0.625 0.6 0.575 0.55 0.525 0.5 0.475 0.45
10 1 1.4 1.3 1.1 1.0 1.2 1.1 1.5 1.6 1.8 2.0 2.4
10 2 1.3 1.0 0.9 0.9 0.8 0.8 0.9 1.0 1.3 1.6 1.8
10 3 1.6 1.3 1.1 0.9 0.9 0.8 0.9 0.9 1.0 1.3 1.7
10 4 1.8 1.6 1.2 1.0 0.9 0.8 0.8 0.8 0.9 1.0 1.1
10 5 2.0 1.9 1.6 1.1 1.0 1.0 0.7 0.6 0.7 0.9 1.0
10 6 2.1 2.0 1.6 1.3 1.1 1.0 0.7 0.3 0.2 0.2 0.4
? 5.8: Pseudo SER?????BER?????????????? ( = 0:086, code B)
BER Eb=N0[dB]
pth = 0:7 0.675 0.65 0.625 0.6 0.575 0.55 0.525 0.5 0.475 0.45
10 1 0.1 0.2 0.2 0.4 0.5 0.5 0.9 1.3 1.7 2.1 2.5
10 2 0.3 0.3 0.2 0.2 0.2 0.3 0.9 1.1 1.3 1.8 2.1
10 3 0.6 0.3 0.3 0.2 0.2 0.2 0.6 0.9 1.1 1.2 1.7
10 4 0.8 0.8 0.6 0.5 0.2 0.2 0.2 0.4 0.9 1.1 1.2
10 5 1.0 0.9 0.9 0.5 0.3 0.3 0.2 0.3 0.3 0.7 1.1
10 6 0.9 0.8 0.7 0.5 0.5 0.3 0.1 0.1 0.2 0.5 0.5
? 5.9: Pseudo SER?????BER?????????????? ( = 0:321, code B)
BER Eb=N0[dB]
pth = 0:7 0.675 0.65 0.625 0.6 0.575 0.55 0.525 0.5 0.475 0.45
10 1 1.5 1.4 1.4 0.9 1.4 1.2 1.6 1.8 2.1 2.3 2.6
10 2 1.3 1.1 1.0 1.0 0.9 0.9 1.0 1.1 1.5 1.8 2.0
10 3 1.6 1.4 1.0 0.9 0.8 0.8 0.9 0.9 1.0 1.3 1.7
10 4 1.8 1.7 1.4 1.1 0.9 0.8 0.8 0.8 1.0 1.0 1.1
10 5 1.9 1.8 1.6 1.2 1.0 0.9 0.7 0.7 0.7 0.8 0.9
10 6 2.0 1.7 1.5 1.3 1.1 0.9 0.5 0.4 0.2 0.2 0.3
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? 5.11: Pseudo BER?????????BER?? ( = 0:086, code A)
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? 5.12: Pseudo BER?????????BER?? ( = 0:321, code A)
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? 5.13: Pseudo BER?????????BER?? ( = 0:086, code B)
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? 5.17: Pseudo SER?????????BER?? ( = 0:086, code B)
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? 5.19: Pseudo BER????????????? (? 1????,  = 0:086, code A)
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? 5.20: Pseudo BER????????????? (? 2????  = 0:086, code A)
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? 5.21: Pseudo SER????????????? (? 1????,  = 0:086, code A)
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? 5.22: Pseudo SER????????????? (? 2????,  = 0:086, code A)
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5.3.5 ?????????????
????????????BER?????????????????????????
? 5.23?5.30??????????? 2??????????????????BER
???????????????? 2?BER?????? [3]????????????
?????????? 0.25????????????? 5.2?5.9??????????
??????BER = 10 4?10 6?????????????????????? BER
???????????????????????????????????????
?????????BER????????? 0.3?0.325??? SER?????? 0.525
?0.55???????????BER?????????????
??? 8:6%???????????? code A??????????BER?????
???????BER???????BER = 10 6???????????????BER
??????? 0:1dB???????? 2???? 0:6dB??????????????
??? 32:1%???????????? code A?????BER??????????
?? BER??????BER = 10 6??????????????? BER?????
?? 0:2dB???????? 2???? 0:6dB???????????
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? 5.23: Pseudo BER????BER???? ( = 0:086, code A)
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? 5.24: Pseudo BER????BER???? ( = 0:321, code A)
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? 5.25: Pseudo BER????BER???? ( = 0:086, code B)
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? 5.26: Pseudo BER????BER???? ( = 0:321, code B)
48
10
-8
10
-7
10
-6
10
-5
10
-4
10
-3
10
-2
10
-1
10
0
 0  2  4  6  8  10  12
B
E
R
Eb/N0 [dB]
Conventional 2 (R=1/2, pth=0.25)
Proposed (R=1/4, pth=0.55)
Ideal MRC
? 5.27: Pseudo SER????BER???? ( = 0:086, code A)
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? 5.28: Pseudo SER????BER???? ( = 0:321, code A)
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? 5.29: Pseudo SER????BER???? ( = 0:086, code B)
10
-7
10
-6
10
-5
10
-4
10
-3
10
-2
10
-1
10
0
 0  2  4  6  8  10  12
B
E
R
Eb/N0 [dB]
Conventional 2 (R=1/2, pth=0.25)
Proposed (R=1/4, pth=0.525)
Ideal MRC
? 5.30: Pseudo SER????BER???? ( = 0:321, code B)
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5.4 ??
??????????????????? 2??? [3]???????????????
????????????????????????????????????????
???????BER????? SER???????BER?????????????
??BER?????????????????????????????????BER
????????????????????????
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? 6 ?
??
??????????????????????????????????????
????????????????BER?????????????????????
???????????????????????????????????????
???????????????????????????????????????
?????
 ?????????? code A???????????BER?????
 ???????????BER????????????????????????
?????BER?????
 ??????????????????????BER?????? 0.3?0.325??
? SER?????? 0.525?0.55???????????BER?????
 ??? 8:6%????BER = 10 6????????BER??????? 0:1dB?
??????????? 0:6dB??????????
 ??? 32:1%????BER = 10 6????????BER??????? 0:2dB?
??????????? 0:6dB??????????
??????????????????????BER??????????????
BER???????????????????
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